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TEMPERATURE REGIONS OF OPTIMAL CHEMICAL INHIBITION
OF PREMIXED FLAMES
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Chemically active fire suppressants may, due to their properties or the means by which they are added
to flames, have strong inhibition effects in particular locations in a flame. To study the spatial effects of
chemically active inhibitors, numerical experiments are conducted in which the rates of reactions of model
inhibitors are varied in spatial regions defined by temperature. The influence of three types of spatial
regions are investigated, those with the inhibitor (1) active only within a narrow temperature band (off-
on-off), (2) active below a cutoff temperature (on-off), and (3) active above a cutoff temperature (off-on).
The effect of several localized chemical perturbations on the burning velocity are studied, including the
variation of the H + Oy < OH + O or the CO + OH < CO, + H reaction rate and catalytic scavenging
of radicals by an idealized perfect inhibitor or by CF3Br (halon 1301). The results indicate that the flame
speed is reduced most when the perturbation location corresponds to the regions of maximum radical
volume fraction or maximum chain-branching reaction rates. Each of the chemical perturbations has a
negligible effect below 1200 K. Calculations for CF3Br-inhibited flames indicate a temperature of maxi-
mum influence that is higher than previous suggestions for Br-based inhibitors. Calculations for flames
with the H + O, rate perturbed or with addition of the perfect inhibitor indicate that the important region
for flame inhibition in lean, rich, and stoichiometric flames corresponds to the position of the peak
H-atom volume fraction. The results of this work demonstrate that the burning velocity is sensitive to
inhibition over a relatively small spatial region of the flame. Simulations with stepwise activation and
deactivation of an inhibitor show that the effect of the inhibitor is small when the activation or deactivation

temperature is below 1700 K.

Introduction

To facilitate analysis, premixed flames are com-
monly divided into various zones or regions [1-4].
Understanding the effect of reactions proceeding in
different zones of a premixed flame can provide in-
sight into flame structure relevant to flame inhibi-
tion. Analysis of the flame zone most sensitive to
chemical or thermal inhibition has been an active
area of flame inhibition research for many years
[5-16]. For example, many researchers have claimed
that the important region of action of halogenated
agents is the low-temperature region of the flame
[6-8, 11, 15-17].

In addition to providing insight into the mecha-
nism of existing flame inhibitors, numerical simula-
tions of flames using complex kinetics and model in-
hibitors allow simulations of inhibitors which have
not yet been discovered or synthesized and can pro-
vide information useful in the search for new ap-
proaches to fire suppression. To study the spatial ef-
fects, we perturb the reaction rates of selected
chemical reactions in a region that can be defined
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by temperature, species concentration, time, or
space. For example, by varying the region in which
inhibition occurs, we can simulate an inhibitor that
is effective in a certain temperature range (e.g., in-
hibiting molecules formed from a precursor which
is stable only below a certain temperature). Such
simulations can aid in the search for new fire sup-
pressants by allowing researchers to ask exploratory
questions about new compounds, even with limited
information about the kinetics.

In this paper, we use this technique to investigate
flame inhibition, with inhibitor concentrations less
than those typically used to suppress fires. Although
we do not directly address fire suppression, the mag-
nitude of the burning velocity reduction used here
is adequate for demonstrating the technique and
gaining insight into flame behavior under these con-
ditions. To this end, we examine numerically the re-
sponse of premixed flames to several types of per-
turbation. The effect of the perturbation on the
overall reaction rate is assessed through evaluating
changes in laminar flame speed. We analyze the ef-
fects of perturbations of two shapes: impulsive and
stepwise. As the source of the perturbation, we use
(1) addition of CF5Br (halon 1301), (2) addition of
a perfect inhibitor, (3) variation of the rate of chain
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F1G. 1. Shapes of the reaction rate profile B; used to
describe (a) perturbation of chain-branching and heat-re-
lease rates, (b) addition of perfect inhibitor and CF3Br, (c)
rapid inhibitor activation, and (d) rapid inhibitor deacti-
vation.

branching, and (4) variation of the heat release rate
from CO oxidation.

Numerical Technique

A reacting system is perturbed by modifying se-
lected reaction rates in a region or regions (also
called “bands”). The band can be defined by a range
of temperature, time, space, or species concentra-
tion. The perturbation can affect a single reaction
(for example, H + Oy © OH + 0O), a class of re-
actions (for example, CO, formation reactions), or a
portion of a chemical mechanism (for example, re-
actions involving Br-containing species in a mecha-
nism for CF3Br inhibition). In this way, we use
model inhibitors to simulate physical behaviors (such
as agent phase change) which may limit the chemical
action of inhibitor to certain regions of the flame.

For bands defined by temperature, a perturbation
factor B; is defined for the selected group of reac-
tions as

B,=1 T<T,

0<B <1, T, =T=T, + A

Bo=1 T>T, +A

where T is the gas temperature, T}, is the tempera-
ture at the low edge of the band, and A is the size
of the band. Fig. 1a illustrates the band shape for
this example. The reaction rates of the selected re-
actions are multiplied by B;, and the rest of the re-
actions are not directly disturbed (i.e., B; = 1). To

study different types of perturbation, the band depth

(the magnitude of B;), width (A), and shape (the vari-
ation of B; with T') can be varied. For study of flame
inhibition, the pertinent reactions are turned off out-
side the band (B; = 0) and turned on inside the band
(B; = 1), as illustrated in Fig. 1b. For modeling of
activation or deactivation of an inhibitor a forward-
facing or backward-facing step function is used;
here, the inhibition reactions are turned off (or on)
below a certain temperature and turned on (or off)
above that temperature, as shown in Fig. 1c and d.

In practice, the band is smoothed at the edges to
avoid numerical convergence problems caused by
infinite gradients. For the computations described
here, the smoothing function is By = a — b
erf(—cT* + d), where T* = (T — T))/A at the low
temperature edge and T* = (T}, + A — T)/A at
the high temperature edge. The constants a, b, c,
and d are selected such that the width of the
smoothed portion of the band is approximately 0.1A
at each end.

Flame Modeling Approach

The Sandia flame code PREMIX [18], with the
kinetic [19] and transport [20] subroutines, is used
to simulate the freely propagating premixed flame.
(Note: Certain commercial equipment, instruments,
or materials are identified in this paper to adequately
specify the procedure. Such identification does not
imply recommendation or endorsement by the Na-
tional Institute of Standards and Technology, nor
does it imply that the materials or equipment are
necessarily the best available for the intended use.)
The CHEMKIN subroutine CKRAT is modified to
accommodate the chemical behavior of the model
inhibitors. Part of the postprocessing is performed
using a graphical postprocessor [21]. For all calcu-
lations, the initial reactant temperature is 300 K and
the pressure is 0.10133 MPa. The “GRAD” param-
eter is set to 0.15, and “CURV” is set to 0.35 for all
of the calculations, except those involving CF3Br,
where higher values of GRAD (0.35) and CURV
(0.55) are used to reduce the calculation time. The
former values of GRAD and CURYV yield 90-125
active grid points in the calculation, and the latter,
65 grid points. As discussed in Ref. [22], the calcu-
lated burning velocity is estimated to be reduced
about 6% for an infinite number of grid points. In
order to keep the large number of calculations in the
present work tractable, we accept this small error,
which is believed to be unimportant for the inves-
tigations presented here.

The kinetic and thermodynamic data of GRI-
MECH 1.2 [23] (32 species and 177 chemical re-
actions) serve as a basis for describing the methane
combustion, except when the inhibitor is CF3Br. In
that case, the mechanism of Babushok et al. [24]
describes the C,/C, hydrocarbon chemistry and the
halogen chemistry (70 species and 595 reactions)
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TABLE 1
Input parameters and calculated temperatures and flame speed for the flames simulated in this paper

B, B, Inhibitor So'  Spal®  Simi® T, for

Perturbation ¢  Inside Band Outside Band Volume Fraction T, (K) (cm/s) (cm/s) (cm/s) Sy (K)
H + Oy 0.7 0.45 1.0 n.a. 1850 20.7 n.c. 15.5 1550
H + Oy 1.0 0.45 1.0 n.a. 2235 41.2 n.c. 31.0 1800
H + Oy 1.3 0.45 1.0 n.a. 2056 25.2 n.c. 18.0 1850
CO + OH 1.0 0.1 1.0 n.a. 2235 41.2 n.c. 29.1 1850
Perfect 0.7 1.0 0.0 2.0 X 107° 1850 20.7 13.8 16.2 1650
Perfect 1.0 1.0 0.0 4.0 X 107° 2235 41.2 27 30.9 1950
Perfect 1.3 1.0 0.0 2.6 X 107° 2056 25.2 16.8 18.3 2000
CF3Br 1.0 1.0 10~* 0.00755 2235 41.24 26.4 29.2 1750

Note: n.a. = not applicable; n.c. = not calculated. For H + Oy and CO + OH, the smoothing function constants
area = 0.55,b = 0.45,¢ = 60, d = 57. For the perfect inhibitor, the smoothing function constants are « = 0.5, b =

0.5,¢ = 60,d = 57.
* Flame speed of the unperturbed or uninhibited flame.
> Flame speed with perturbation throughout flame.

¢ Minimum flame speed with perturbation in a bandwith of 300 K.
4 The flame speed is 39.0 cm/s when the halogen chemistry is turned off throughout the flame because of the physical

effects of CF5Br.

(note that Ref. [24] also provides experimental ver-

ification of the CF3Br mechanism).

The perfect inhibitor model [25] represents an up-
per limit to the catalytic action of an inhibitor. The
model assumes that the inhibitor-containing species
In and InX (in which X is a flame radical H, O, or
OH), react with radicals at gas-kinetic rates. For ex-
ample, In + H = InH, followed by InHH + OH =
In + H,0. All reactions are bimolecular, with an
activation energy and temperature exponent of 0 and
a pre-exponential factor of 1 X 10™ em®-s-mol 1
the transport properties of Ar are used for the spe-
cies In and InX. The perfect inhibitor species are
present at low concentrations, so their contribution
to the energy balance is small; also, since the reac-
tions for these species are listed as forward rates, the
choice of thermodynamic properties for these spe-
cies does not affect their reaction rates. The perfect
inhibitor reactions [25] are combined with those of
GRI-MECH 1.2. Since the perfect inhibitor mech-
anism is a theoretical construct, it can not be exper-
imentally verified. Nonetheless, it has been com-
pared with the experimental results for inhibition by
the very powerful flame inhibitor Fe(CO)s and
found to give burning velocity reductions reasonably
close to that agent [25].

A stoichiometric, freely propagating premixed
CH,/air flame is perturbed in temperature bands of
A = 300 K. The following four types of perturbation
are used:

1. Reduction of the rate of chain branching by H +
Oy« OH + O (referred to as “H + Oy” below),
because it provides a majority of the chain
branching at high temperature

2. Reduction of the rate of heat release by CO +
OH < CO, + H (referred to as “CO + OH”
below), because of its importance in determina-
tion of the final flame temperature

Catalytic scavenging of radicals (O, OH, and H)
by a perfect inhibitor [25], to investigate the max-
imum inhibition effect

. Inhibition by CF3Br, because it is used as a

benchmark in flame inhibition studies

The band width of 300 K was selected after con-
ducting extensive numerical experiments with dif-
ferent band widths ranging from 50 to 2000 K. The
results consistently showed that the location of max-
imum inhibition was independent of the width of the
band. The minimum burning velocity decreased as
the band became wider, but the band-center tem-
perature of minimum burning velocity remained
nearly constant for the perturbation considered. The
choice of a 300 K bandwidth was made as a com-
promise between having too little effect (a 100 K
band only decreased burning velocity by 15%) and
being too wide to provide insight into the inhibition
mechanisms.

Selected input parameters and calculated results
for the flames simulated in this paper are listed in
Table 1. For the H + Oy and CO + OH pertur-
bation, the reaction of interest is unaffected outside
the band (B; 1) and damped inside the band
(B, = 0.45 for H + Oy, B; = 0.1 for CO + OH).
Thus, the reduction in heat release for the CO +
OH reaction is achieved through a reduction in the
rate of this reaction within the band. For the perfect
inhibitor, reactions involving the perfect inhibitor
are turned off outside the band (B; = 0) and turned
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FIG. 2. Variation of flame speed (left axis) for four types
of perturbation: reduction of the H + O, < OH + O or
CO + OH < CO, + H reaction rate and inhibition by a
perfect agent or CF3Br. The “CF;Br baseline” refers to the
flame speed when the halogen chemistry is damped by
10~* The bandwidth A is 300 K, so the band extends 150 K
below and above the temperature shown on the x-axis. The
calculated volume fraction of OH, H, and O (right axis) is
shown for an uninhibited stoichiometric methane/air
flame.
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FIG. 3. Net H-atom reaction rate for three important
reactions in stoichiometric methane/air flames. Solid lines:
uninhibited flame; dashed lines: CF;Br-inhibited flame
(agent volume fraction of 0.00755).

on inside the band (B; = 1). The volume fraction of
the Eerfect inhibitor in the unburned gas is 4.0 X
107", which results in a flame speed (Sy) of 27 cm/s
when the inhibitor is active throughout the flame
(note that S;, = 41 cm/s for the uninhibited flame).

For inhibition by CF3Br, the reactant stream con-
sists of a stoichiometric mixture of methane and air
and a volume fraction of added CF;Br of 0.0755,
resulting in a one-third reduction in flame speed (to
26.4 cm/s) when the inhibitor is active throughout
the flame. While the amount of inhibitor which pro-
duces a one-third reduction of flame speed is less
than that typically used to suppress fires, this per-
turbation to the flame is adequate for demonstrating
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the region of greatest influence. Ideally, when sim-
ulating the model inhibitors, the reactions involving
Br- and F-containing species would be turned on
(B; = 1) in the band and turned off outside the band
(B; = 0). Because of convergence problems com-
pounded by the size of the mechanism, we use
B; = 10 * for the halogen chemistry outside the
band.

Results and Discussion

Figure 2 shows the response of the flame to each
of the perturbations. (Note that the kinks in some of
the curves of Fig. 2, as well as Fig. 4 and Fig. 6, are
caused by a somewhat coarse progression of calcu-
lated band-center temperatures and are not present
if a finer series of calculations are made.) The re-
duction in flame speed for H + O, and CO + OH
can only be compared qualitatively to results for the
perfect inhibitor and CF3Br, because of the different
value of B; in the bands. The minimum flame speed
occurs at a band-center temperature (T,) of 1750 K
for CF3Br, 1800 K for H + O,, 1850 K for CO +
OH, and 1950 K for the perfect inhibitor. Using re-
action flux analyses, it is possible to infer that per-
turbations at these temperatures would most
strongly affect the burning velocity of the flames. For
H + Oj and CO + OH, these temperatures cor-
respond to the maximum reaction rate of the af-
fected reaction (as shown in Fig. 3). Similarly, for
the perfect inhibitor, the temperature is near the
temperature corresponding to the peak volume frac-
tions of O, H, and OH (as shown in Fig. 2).

The difference in location of peak effectiveness of
CF3Br versus the perfect inhibitor is caused by the
shift of the partial equilibrium of the scavenging re-
actions. For CF3Br at higher temperature, the equi-
librium for the inhibition reaction H + HBr <
H, + Br shifts to the left [9], reducing the effec-
tiveness.

In earlier studies of inhibition of premixed flames
by CH3Br, CF3Br, and HBr, it was argued that the
primary inhibition occurs upstream of the main re-
action zone. Wilson [7] and Wilson et al. [8] inves-
tigated inhibition of low-pressure (5.1 kPa) meth-
ane/oxygen flames inhibited by CH;Br and HBr.
Based on flame structure measurements and calcu-
lations, they suggested that inhibition occurred
through reduction of radical generation in the “pre-
ignition” part of the flame. In a numerical modeling
study, Westbrook [17] argued that HBr has its max-
imum effect in a temperature range between about
1000 and 1400 K, where the reaction of H atom with
HBr competes with its reaction with CH or O,. In
more recent work, Williams and Fleming [16] also
describe CF3Br as reducing H-atom concentrations
significantly in the lower temperature regions of the
flame (<1200 K); nonetheless, their data do show
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FIG. 4. Effect of damping the rate of the H + O, re-
action on normalized flame speed for ¢ = 0.7, 1.0, and
1.3.

that the largest absolute reduction in the H-atom
volume fraction occurs near 1700 K [16]. Casias and
McKinnon [15] also contend that reactions in the
low-temperature region are of highest importance
for inhibition by CF3Br, although the conditions of
their calculated flames (ethylene/air with 1%
CF;3Br) are somewhat different. While our results
also show that some of the inhibition effect of HBr
and CF3Br occurs upstream of the locations of the
maximum rates for the chain-branching and heat-
release reactions, the most sensitive temperature re-
gion that we obtain (1600-1900 K) is somewhat
higher than argued in these earlier papers.

Figure 4 shows the effect of chain-branching per-
turbation (A = 300 K) on normalized flame speed
for three equivalence ratios: lean (¢ = 0.7), stoi-
chiometric (¢ = 1.0), and rich (¢ = 1.3). Table 1
lists calculated maximum temperature and flame
speed for uninhibited flames at each equivalence ra-
tio. The normalized flame speed is defined as the
ratio of the flame speed of a band-inhibited flame to
the flame speed of the corresponding uninhibited
flame. The temperature of minimum flame speed of
the different flames follows the relative position peak
of the H-atom volume fraction (see Fig. 5a). The
temperature range of maximum influence varies
with ¢, however, because the final temperature of
the flame changes with ¢ (see Table 1).

The flame speeds for stoichiometric, rich, and lean
flames inhibited by the perfect inhibitor are shown
in Fig. 6. The initial volume fraction of perfect in-
hibitor used for the calculations is the amount
needed for a one-third reduction of flame speed
(with the inhibiting reactions active throughout the
flame) from the uninhibited condition (see Table 1).
The value of one-third reduction was selected be-
cause it is commonly used in flame inhibition stud-
ies; it is a compromise between too little inhibition
to show much effect, and too much, for which a real
flame would not exist. For band inhibition at the
three values of ¢, the perfect inhibitor shows flame
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F1G. 5. Calculated volume fraction profiles for H, OH,
and O in uninhibited methane/air flames for three stoi-
chiometric ratios. (a) H atom, (b) OH, (¢) O atom.

speed reductions qualitatively similar to the results
for H + Oy suppression (as indicated in Table 1):
the temperature range for maximum effect is lowest
for the lean flame and is higher for stoichiometric
and rich flames, which are nearly the same. The or-
dering follows that of the peak radical volume frac-
tions that are shown in Figs. 5a—c. The calculations
generally demonstrate that inhibition in only a small
portion of the flame is responsible for most of the
inhibitory effect. For example, as shown in Fig. 6, if
the inhibiting reactions in the lean flame are turned
on between 1500 and 1800 K (T, = 1650 K), the
reduction in flame speed is 65% as much as when
the inhibiting reactions occur over the entire flame
domain (equivalent results for stoichiometric and
rich flames are 72% and 82%).
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FI1G. 7. Variation of flame speed for stepwise inhibitor
activation (Fig. 1c) or deactivation (Fig. 1d) for a stoichio-
metric methane/air mixture. The perfect inhibitor volume
fraction is 4.0 X 107°. Also shown are calculated volume
fraction of OH, H, and O in an uninhibited stoichiometric
methane/air flame.

A general result of the calculations presented here
for the perfect inhibitor is that perturbation near the
region of high radical volume fraction has the stron-
gest effect on flame speed. In other words, removing
H atoms from the high-temperature region before
they can diffuse upstream has the strongest effect on
flame speed because inhibition reactions are faster
in regions of high radical volume fraction and high
temperature. The results for CF;Br, however, show
that the shift of the partial equilibrium at high tem-
perature for certain reactions can influence the re-
gion of maximum influence of the agent.

Potentially effective new fire suppressants may in-
volve an agent that is inert and non-toxic at storage
temperature and releases an effective fire suppres-
sant via decomposition or evaporation when added
to a fire [26]. For example, the commonly used agent
NaHCOj; decomposes at a certain temperature [27]
to release the active scavenging species into the gas

FIRE—Fire Suppression and Inhibition

phase. To simulate such a system, we use a step func-
tion (as opposed to the impulse function in the pre-
vious section). The shape of the B; function is illus-
trated in Fig. 1c. Below the “activation temperature”
the inhibition reactions are turned off, and above the
activation temperature the inhibition reactions are
turned on. For ease of calculation, we use the per-
fect inhibitor model (with inhibitor volume fraction
of 4.0 X 107°). The curve labeled “activation” in
Fig. 7 shows the flame speed resulting from inhibitor
activation at different temperatures between 300
and 2200 K. The flame speed is fairly constant up to
about 1700 K, but then starts to increase. The lo-
cation of the increase coincides with the peak radical
concentration. As the activation occurs later in the
flame, the inhibitor has less time to scavenge radi-
cals.

Another interesting situation is an active inhibitor
that decomposes at a certain temperature and loses
its inhibition power. In practice, this might occur
due to formation of a condensed-phase species. For
example, with Fe(CO); inhibition, the active gas-
phase species are lost because of condensation to
particles at some point in the flame [28]. Since the
particle formation appears to be related to the resi-
dence time, the deactivation might occur over a
range of temperatures. We simulate the stepwise de-
activation with a band in which the B; function (il-
lustrated in Fig. 1d) is a mirror image of the previous
example. Above the “deactivation” temperature the
inhibition reactions are turned off, and below the
deactivation temperature the inhibition reactions are
turned on. As in the stepwise activation calculations,
the effect of the inhibitor is more or less constant
until about 1700 K. The very small reduction in
flame speed when the inhibitor is active between 300
and 1700 K reaffirms the importance of the high-
temperature reactions. The most important region
for the perfect inhibitor is above 1700 K for a strong
effect on the flame speed; hence, particle formation
for Fe(CO)5 inhibition must be retarded until after
the active species have reached the region of about
1700 K.

Conclusion

Premixed flame inhibition has been examined us-
ing model inhibitors with reaction rates spatially var-
ied in the flame. The results indicate that for agents
which catalytically recombine radicals, the flame
speed of a stoichiometric CH,/air premixed flame is
most reduced when the perturbation is near the re-
gion of maximum radical volume fraction or the re-
gion of maximum rates of the radical scavenging re-
actions, depending upon the kinetic mechanism of
the particular inhibitor. Calculations for CF3Br-in-
hibited flames demonstrate a temperature of maxi-
mum influence near 1750 K, which is significantly
higher than previously suggested. The perturbations
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have a negligible effect in the region of the flame
temperature below 1200 K.

For flames of varying equivalence ratio, ¢ =
0.7-1.3, perturbation of the H + O, © OH + O
reaction rate or addition of the perfect inhibitor have
a maximum burning velocity reduction in a tem-
perature region which follows the relative position
of the peak H-atom volume fraction. The calcula-
tions show that inhibition in a relatively small portion
of the flame can cause a significant reduction in
flame speed. In some cases, inhibition in a band
spanning only 300 K causes nearly as much reduc-
tion in flame speed as when the inhibiting reactions
are turned on everywhere.

Sudden activation and deactivation of the perfect
inhibitor are simulated in a stoichiometric flame. In
both cases, the effect of the inhibitor is small when
the activation or deactivation temperature is above
or below 1700 K, respectively. Hence, new inhibitors
that may be developed need not become active until
near 1700 K and must not lose their effectiveness
until about 2150 K if they are to retain their maxi-
mum potential effectiveness.

The results suggest that while the properties of an
actual chemical inhibitor which scavenges radicals
may cause it to act in a particular region of the flame
(perhaps the lower temperature region), the most
effective inhibition would result if the agent can act
in the regions of high radical volume fraction and
flux of the peak chain-branching reaction. It is im-
portant to note that these conclusions might be dif-
ferent for other fuels, inhibitors, or flame types.
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COMMENTS

Takashi Tsuruda, National Research Institute of Fire and
Disaster, Japan. If you change chemical reaction, the flame
structure is also affected, like e.g., the temperature distri-
bution. Do you take this change into account in your
model?

Author’s Reply. Yes. Aside from restricting the region
where a sub-set of the chemical reactions can occur, all of
the usual equations describing the premixed flame struc-
ture are calculated. These include the CHEMKIN/
PREMIX equations of mass, species, and energy conser-
vation; hence the temperature field is solved explicitly for
the system examined.

Pierre Van Tiggelen, University catholique de Louvain,
Belgium. Have you tried your method with less efficient
inhibitors (for instance CF;H)? I suspect the efficiency of
CF3Br as an inhibitor is due to the fact that it acts at the
right position in the flame (temperature wise) where the
branching reaction (H + Oy > OH + O) is governing the
whole process.

Author’s Reply. We appreciate this interesting question
from Prof. Van Tiggelen. We have not used the present
numerical approach for fluorinated inhibitors such as
CF3H, but have a similar suspicion that the results would
be different from those of CF3Br and the perfect inhibitor.
Since CF3H acts in some ways like a fuel species, the rad-
ical pool does not build up until the CF3H is consumed.
Hence, one can surmise that the region of influence of

CF;H would be shifted to a slightly lower temperature re-
gion than in the CF3Br-inhibited flame (as described be-
low). Of course, CF3H also acts as a thermal diluent. It
would be of interest in future work to examine how its
effectiveness both as a radical trapping agent and a thermal
diluent depend upon the region in the flame where these
inhibiting mechanisms are allowed to occur.

C. K. Westbrook, LLNL, USA. There are two suggestions
for possible improvements to this fine kinetic modeling
study. First, use a fuel different from methane (e.g. pro-
pane), since methane is somewhat uncharacteristic of “typ-
ical” HC fuels. Its flame is already somewhat starved for
radicals, so its response to inhibitors may be atypical. Sec-
ond, include a figure of d[fuel]/dt to test correlations of
radical concentrations, temperature windows, etc. with
radical reactions with the fuel.

Author’s Reply. We thank Dr. Westbrook for the ques-
tions (and for his invaluable early work in this area, which
inspired the present investigations). We agree that it would
be of interest to do the calculations for larger, more reactive
hydrocarbons, and hope that we, or others have the op-
portunity to do this in future work. Examining our numer-
ical results from an uninhibited stoichiometric methane-air
flame, we find the point of maximum rate of fuel con-
sumption to be at the location where the temperature is
1662 K. This location is close to, but slightly upstream of,
the temperature region of maximum band effectiveness for
inhibition by CF3Br (1750 K), and somewhat further up-
stream from the point of peak radical mole fraction (1930 K)
and of maximum band effectiveness for the perfect inhib-
itor (1970 K).
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